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ABSTRACT 



The hybrid wire of the present invention comprises approxi- 
mately 1% Wt to 30% Wt of non-metallic ingredients, with 
the preferred concentrations selected from the range from 
about 5% Wt to about 15% Wt. Non-metallic compounds 
and metallic oxides, which were added to the tubular wires 
and found to perform well in the SAW process, are CaO, 
MgO, MgAl, K 2 0, CaF^ MnO, NaAlF 6 , and K^AIF^ 
Adding one or more of the listed compounds to the core 
composition of the tubular wires leads to an improvement of 
the welding performance in a SAW process due to the 
properties of core of the wire, while reducing the importance 
of the granular flux. 
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HYBRID TUBULAR WIRE ELECTRODE FOR 
SUBMERGED ARC WELDING 

FIELD OF THE INVENTION 

[0001] The present invention relates to the field of sub- 
merged arc welding. More specifically, the invention relates 
to compositions of a hybrid tubular wire electrode enhancing 
the performance of wire/flux combination. used in the sub- 
merged arc welding process. 

BACKGROUND OF THE INVENTION 

[0002] Submerged arc welding (SAW) is a process in 
which joining of metal pieces is accomplished by heating the 
metal pieces with an arc existing between an electrode and 
the metal. In the submerged arc welding process the arc and 
the molten metal are shielded from the atmospheric oxygen 
and nitrogen by a blanket of fusible granular flux, which 
covers the arc. The welding electrode of the submerged arc 
welding process is a consumable wire electrode continu- 
ously fed to the welding process. The flux covering the arc 
significantly reduces spatter, smoke, and arc flashes, allow- 
ing higher utilization the wire electrode al higher welding 
speeds and deposition rates. 

[0003] The consumable wire electrodes used in the SAW 
process are predominantly solid carbon or low alloy steel 
electrodes, where a specific combination of the wire/flux 
composition is required for the optimal performance and 
weld quality. Most of the oxides and compounds incorpo- 
rated into the flux cannot be added during the steelmaldng 
process because of the differences in the melting tempera- 
tures and the problem with their solubility in steel. The 
resulting metal would have gross inclusions and be very 
weak. The solution to the problem is to use tubular wire 
electrodes consisting of a mild steel sheath and a core 
composition comprising desired elements and compounds in 
the powdered form. Such a design allows the weld deposits 
to have the required chemistry without impeding the manu- 
facturing of the consumable electrodes. Tubular electrodes, 
such as metal-cored and flux-cored electrodes, have also 
been used in SAW for specialty alloys that are too difficult 
to draw as a solid wire to the size which is appropriate for 
the SAW process. For example, hard surfacing applications 
require the addition of special elements for wear resistance 
and impact abrasion. Nevertheless, it is attractive to use 
tubular electrodes in the SAW process to increase the 
welding deposition rales and control the weld chemistry by 
selecting the appropriate chemistry of the wire electrode. 

[0004] The main ingredients in both metal-cored and 
flux-cored wires are powdered ferro-alloys. In addition, 
flux-cored electrodes contain non-metallic compounds to 
help stabilize the arc and create a desired molten slag 
composition with such physical properties that allow the 
molted slag to protect the molten weld metal from various 
undesirable reagents in the atmosphere. Metal-cored wires 
typically have no more that 5% of non-metallic compounds 
and metal oxide powder additions in the core (fill percent- 
age) to help stabilize the arc. Flux-cored electrodes are 
designed to have non-metallic and metallic oxide ingredients 
of approximately 20-30% by weight to create the physical 
slag of desired properties during the welding process. 

[0005] Currently the solid wires used in the SAW process 
work with the granular flux, yielding up to 99% deposition 



efficiency. The performance of such welding process is 
deterrnined mostly by the composition of the granular flux, 
and much less so by the composition of the wire electrode. 
Currently, almost 100% of the structural steel market (car- 
bon and HSLA steels) use solid wires When using flux-cored 
wire electrodes for SAW, deposition efficiency falls down to 
about 80%. Welding performance in that case is determined 
by both the fluxed core of the wire and the granular flux, 
which rums out to be less efficient. 

SUMMARY OF THE INVENTION 

[0006] The present invention is a hybrid tubular wire 
electrode for the SAW process in which not only the external 
granular flux, but also the composition of the tubular wire 
itself is a source of the performance oxides. The welding 
performance is typically controlled by the granular flux: 
stabilizing the arc and influencing the metal/slag interface, 
are more controlled by the composition of the core of the 
hybrid tubular wire. Since the hybrid tubular wire mostly 
controls the welding parameters, the traditional role of the 
flux in the SAW process is minimized, meaning that less 
expensive fluxes can be used without negatively affecting 
the welding performance and results. The term "hybrid 
wire" has been chosen to reflect the fact that the tubular wire 
of the present invention does not fall into the accepted 
industry categories for either flux-cored or metal cored 
wires. Metal-cored wires are defined as the ones having less 
than 5% Wt of non-metalHc ingredients. Flux-cored wires 
are defined as the ones having between about 15% Wt and 
30% Wt of non-metallic ingredients. 

[0007] The hybrid wire of the present invention comprises 
approximately 1% Wt to 30% Wt of non-metallic ingredi- 
ents, with the preferred concentrations selected from the 
range from about 5% Wt to about 15% Wt. Non-metallic 
compounds and metallic oxides, which were added to the 
tubular wires and found to perform well in the SAW process, 
are CaO, MgO, MgAl, K 2 0, CaF^ MnO, NaAlF 6 , and 
K 2 A1F 6 . Adding one or more of the listed compounds to the 
core composition of the tubular wires leads to an improve- 
ment of the welding performance in a SAW process due to 
the properties of core of the wire, while reducing the 
importance of the granular flux. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 is a schematic illustration of the submerged 
arc welding process. 

[0009] FIG. 2 is a cross section of the hybrid tubular wire. 

[0010] FIG. 3 is a table showing compositions of the 
tested hybrid tubular wires. 

[00U] FIG. 4 is a table showing a composition of the flux. 
[0012] FIG. 5 is a table showing steel compositions. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0013] The SAW process is usually operated in an auto- 
matic or semi-automatic manner, in which a consumable 
wire electrode is continuously fed from a reel or spool to a 
welding gun. The welding gun travels with a predetermined 
speed along a metal work piece having a granular flux 
already deposited on the surface of the metal pieces. The 
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granular flux can be deposited on the work piece before the 
beginning of the SAW operation or it can be fed through a 
nozzle of a hopper or a flux tank coupled to the welding gun 
and deposited during the welding process. 
[0014] During the SAW process the heat generated by arc 
26 and the tip of consumable electrode 20 melts flux 14 as 
welding gun 22 and electrode 20 move along metal work 
piece 12, as it can be seen in FIG. 1. In the SAW process a 
power source 28 is connected to metal piece 12 and elec- 
trode 20. DC or AC can be used for submerged arc welding 
with the welding currents in the range from 500 to 1500 
Amperes. The tip of electrode 20 and arc 26 are shielded by 
unfused flux 14. The flux deposited on the surface of the 
metal work piece usually contains deoxidizers and other 
compounds helping to remove impurities from the molted 
metal and introduce alloying elements and compounds into 
the weld. As the electrode submerged in the flux moves 
along he metal work piece, the flux melts, forms molten flux 
16, and rises above the molten metal 18 to forms a slag. 
Consumable wire electrode 20 is fed to the welding gun 
from reel 24, as shown in FIG. 1. The weld metal usually 
has a higher freezing temperature and solidifies before the 
molten slag, which remains molten for a longer time. The 
molten slag covers the solidified weld metal as a protective 
layer until the weld metal further cools and becomes less 
reactive. When the weld metal becomes solid (shown as 10 
in FIG. 1) and sufficiently cool, the unmelted flux and the 
slag are removed from the weld. Base metals which are 
weldable by the SAW process comprise wrought iron, low 
carbon steels, low alloy steels, stainless steels, and possibly 
high and medium carbon, and alloys steels. The composi- 
tions of the test wires presented in Table 1 of FIG. 3 are well 
balanced for welding carbon steels. Examples of the chem- 
istries of the carbon and low alloy steels that can be welded 
by the hybrid electrode of the present invention are shown 
as Table 3 in FIG. 5 (in Wt %). The formulations presented 
in Table 1 can be easily reformulated based on the presented 
base compositions for welding any HSLA steel using the 
SAW process. 

[0015] A hybrid tubular wire of the present invention for 
the SAW process comprises a metal sheath 30 and a core 32, 
as shown in FIG. 2. The core is characterized by a compo- 
sition of metallic oxides and non-metallic ingredients. The 
detailed chemical composition of the core of the wire of the 
present invention is provided in Table 1 shown in FIG. 3. 
Presented in Table 1 are 10 exemplary compositions with the 
total percentage of non-metallic compounds ranging from 
l\% Wt to 30% Wt. It should be noted, though, that the 
desired effect was observed in the wires with the percentage 
of non-metallic compounds as low as 1% Wt. The compo- 
sitions were selected based on the following considerations. 
When the flux melts, it creates a molten slag which forms a 
physical barrier between the molten metal of the work piece 
and the atmosphere (in particular, the nitrogen and oxygen). 
The difficulty in selecting the appropriate composition of the 
wire, and especially the core composition, is in coming up 
with such molten slag system that is sufficiently viscous and, 
at the same time, sufficiently liquid for the purpose of the 
SAW process. In particular, on the one hand, the molten slag 
should be viscous enough to remain above the molten metal 
of the work piece and not drop off the weld piece, as it could 
be the case if the molten slag were too liquid. On the other 
hand, the molten slag shouldn't be too viscous to prevent 
degazation of the molten pool of metal below the molten 
slag. Also, careful consideration has been given to the 
properties of the slag/metal interface to achieve the desired 
ease of removing the slag from the weld after the SAW 



process is complete and the slag and the work piece have 
solidified and cooled down. To achieve the desired property 
of the slag/metal interface, the composition of the slag (and, 
consequently, the core composition of the tubular wire), 
should be such that the molten slag should have a higher 
solidification temperature than that of the molten metal of 
the work piece. If the slag stays molten longer than the metal 
of the work piece, the weld bead has a better appearance. 
Also, there needs to be a sufficient difference between the 
coefficients of thermal expansion of the slag and the metal 
of the work piece to allow the solid slag to be easily removed 
from the solid weld. 

[0016] The compositions of the tubular wires presented in 
Table 1 of FIG. 3 were selected to achieve the above- 
described properties of the slag and the molten metal of the 
work piece, with the goal of using the chemistry of the wires 
to enhance the performance of those wires, therefore, 
enhancing the performance of the wire/flux combination in 
the SAW process. The non-metallic compounds and metallic 
oxides added to the core compositions were A^O^ AljOg 
with Na 2 0 3 , MgC0 3 , MgAl, CaF^ CaC0 3 , CaF 2 , MgO. 
Table 2 in FIG. 4 presents the composition of the flux which 
was used in the test weld runs with the test wire composi- 
tions. As the test weld runs demonstrated, wire composition 
047N-03-001 exhibited the best performance. The release of 
the slag was the easiest and the fastest over a solid non- 
tubular wire at the same amperage. 

[0017] The process of manufacturing a tubular wire of the 
present invention involves a series of steps in which a strip 
(or a sheath material) is fed through the shaping dies which 
bend the strip and form it into a shape that can later be filled 
with the ingredients of the core composition. Usually, the 
shape is a U-shape. The shaped sheath is then filled with the 
core composition which has a combination of non-metallic 
compounds and metallic oxides, such as A1 2 0 3 , A1 2 0 3 with 
Na 2 0 3 , MgC0 3 , MgAl, CaF 2 , CaC0 3 , CaF J MgO. The wire 
then travels through the closing dies which close it into a 
tubular form in which the sheath completely encapsulates 
the core, forming a cored wire as illustrated in FIG. 2. The 
ingredients of the core composition are often powdered, 
which powder becomes compacted when the encapsulated 
wire is fed through the drawing dies to reduce the wire's 
diameter to the final desired size. 

[0018] A welding apparatus for the SAW process utilizing 
the tubular wire of present invention is shown as an illus- 
trative example in FIG. 1. The welding apparatus comprises 
power supply 28 (AC or DC), welding gun 22 with electrode 
20 and means 24 for feeding the electrode into the welding 
gun. An example of the means 24 for feeding the electrode 
shown in FIG. 1 is a wire drive and a wire reel 22. It should 
be understood, of course, that any other way of feeding the 
wire electrode into the welding gun falls within the scope 
and spirit of the present invention. Granular flux 14 is 
provided on the surface of welding work piece 10 either 
through a nozzle connected to the welding gun or indepen- 
dendy before the beginning of the SAW welding process. 
One possible flux composition is provided in Table 2 of FIG. 
4. Electrode 20 has a sheath and a core characterized by a 
core composition comprising non-metallic compounds and 
metallic oxides in accordance with the compositions as 
shown in Table 1 of FIG. 3. The power source supplies AC 
or DC current to the electrode and the arc is formed between 
the wire electrode 20 and the work piece 12 as shown in 
FIG. 1, providing the heat necessary for melting flux 14 and 
the tip of wire electrode 20. 
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[0019] To form a weld on a work piece using the SAW 
apparatus with a novel hybrid tubular wire electrode of the 
present invention, a welding process uses a welding appa- 
ratus with means for feeding the wire electrode and means 
for supplying a flux on the surface of the work piece. The 
means for feeding the wire into the welding apparatus can 
comprise a wire drive and a wire reel, or any other suitable 
arrangement supplying the wire into the apparatus with the 
speed sufficient to replace the portion of the wire consumed 
during the SAW process. It is contemplated that the means 
for feeding the wire into the welding apparatus can be 
internal or be located outside of the apparatus. The welding 
apparatus is coupled to a DC or AC power supply and the arc 
is formed between the electrode and the work piece on 
which the weld is to be formed. Feeding the hybrid tubular 
wire electrode of the present invention into the welding 
apparatus involves providing the wire with a sheath and a 
core having a core composition comprising one or more 
compounds selected from the group consisting of A1 2 0 3 , 
Al 0 3 with Na 2 0 3 , MgC0 3 , MgAl, CaF 2 , CaC0 3 , CaF 2 , 
MgO. The welding gun moves along the work piece, as 
shown by the direction of travel in FIG. 1, while wire 
electrode 20 is submerged in flux 14. Flux 14 is typically 
deposited onto the surface of the work pieces either before 
the beginning of the SAW process or during the welding 
process. If the flux is deposited onto the work pieces during 
the welding process, it is usually done via a nozzle con- 
nected to the welding gun. As welding gun 22 moves along 
work piece 12, the heat generated by arc 26 melts the tip of 
wire electrode 22 and the granular flux around the tip of the 
electrode, forming the pool of molted metal 16 of work piece 
12 below the pool of molten slag 18. As the welding gun 
moves along its direction of travel, solidified weld metal 10 
forms the weld. Molten slag 16 also solidifies and is later 
removed from the weld. 

[0020] It has been, therefore, demonstrated that an addi- 
tion of one or more specified non-metallic ingredients from 
the range of 1% Wt to 30% Wt to the core of a tubular wire 
electrode formulated for the SAW process improves the 
welding performance due the properties of the core. The 
written description of the invention enables one skilled in 
the art to make and use what is at present considered to be 
the best mode of the invention, and it should be appreciated 
and understood by those skilled in the art that the existence 
of variations, combinations, modifications and equivalents 
falls within the spirit and scope of the specific exemplary 
embodiments disclosed herein. It is also to be understood 
that the illustrative examples described herein are not to be 
construed as limiting the present invention in any way. The 
objects, features and advantages of the present invention as 
claimed in the appended claims are applicable to all types of 
metal core wires, such as low carbon metal core, stainless 
steel metal core and low alloy metal core wires. 

What is claimed is: 

1. A welding apparatus for a submerged arc welding 
process comprising: 

a welding gun having means for feeding a tubular elec- 
trode into the welding gun; and 

the tubular electrode formulated for use in the submerged 
arc welding process and having a sheath encapsulating 
a core with a composition selected from the group of 
non-metallic compounds consisting of A1 2 0 3 , Na 2 0 3 , 
MgC0 3 , MgAl, CaF 2 , CaC0 3 , CaF 2 , MgO and com- 
binations thereof, wherein the total percentage of one 



or more non-metallic compounds in the core composi- 
tion ranges from about 1% Wt to about 30% Wt. 

2. The welding apparatus as in claim 1, wherein the total 
percentage of one or more non-metallic compounds ranges 
between 5% Wt and 15% Wt. 

3. The welding apparatus of claim 1, wherein the non- 
metallic compounds are A1 2 0 3 and Na 2 0 3 with the total 
percentage of 14% Wt. 

4. The welding apparatus of claim 1, wherein the means 
for feeding the tubular electrode into the welding gun 
comprise a wire drive and a wire reel. 

5. A submerged arc welding process comprising: 

providing a submerged arc welding apparatus with means 
for feeding an tubular electrode into the welding appa- 
ratus; 

depositing a flux onto a work piece; 

submerging the tubular electrode into the flux; 

forming an arc between the tubular electrode. and the work 
piece by coupling the submerged arc welding apparatus 
to a power source; 

feeding the tubular electrode into the welding apparatus, 
the tubular electrode having a sheath encapsulating a 
core with a composition selected from the group of 
non-metallic compounds consisting of A1 2 0 3 , Na 2 0 3 , 
MgC0 3 , MgAl, CaF 2 , CaC0 3 , CaF 2 , MgO and com- 
binations thereof, wherein the total percentage of one 
or more non-metallic compounds in the core composi- 
tion ranges from about 1% Wt to about 30% Wt; and 

forming a weld on the work piece by melting the work 
piece, the flux and the tip of the tubular electrode using 
the heat generated by the arc. 

6. The method of claim 5, further comprising moving the 
welding apparatus along the work piece. 

7. The method of claim 5, wherein the work piece is a 
carbon steel. 

8. The method of claim 5, wherein the total percentage of 
one or more non-metallic compounds ranges between 5% 
Wt and 15% Wt. 

9. The method of claim 5, wherein the non-metallic 
compounds are A1 2 0 3 and Na 2 0 3 with the total percentage 
of 14% Wt. 

10. A tubular weld wire comprising: 

a steel sheath encapsulating a core; 

the core formulated for submerged arc welding and com- 
prising one or more non-metallic compounds selected 
from the group of non-metallic compounds consisting 
of A1 2 0 3 , Na 2 0 3 , MgC0 3 , MgAl, CaF 2 , CaC0 3 , CaF 2 , 
MgO and combinations thereof, wherein the total per- 
centage of one or more non-metallic compounds in the 
core composition ranges from about 1% Wt to about 
30% Wt. 

11. The tubular weld wire of claim 10, wherein the core 
composition further comprises compacted Fe, FeMg, and 
FeSi. 

12. The tubular weld wire of claim 10, wherein the total 
percentage of one or more non-metallic compounds ranges 
between 5% Wt and 15% Wt. 

13. The tubular weld wire of claim 10, wherein the 
non-metallic compounds are A1 2 0 3 and Na 2 0 3 with the total 
percentage of 14% Wt. 
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14. A welding apparatus for a submerged arc welding 
process comprising: 

a welding gun having means for feeding a tubular elec- 
trode into the welding gun; and the tubular electrode 
formulated for welding low carbon steels with a per- 
centage of C being up to 0.15% in the submerged arc 
welding process and having a sheath encapsulating a 
core with a composition selected from the group of 
non-metallic compounds consisting of A1 2 0 3 , Na 2 0 3 , 
MgC0 3 , MgAl, CaF 2 , CaC0 3 , CaF^ MgO and com- 
binations thereof, wherein the total percentage of one 
or more non-metallic compounds in the core composi- 
tion ranges from about 1% Wt to about 30% Wt. 

15. The welding apparatus of claim 14, wherein the 
tubular electrode is also formulated for welding low alloy 
steels with a percentage of C being up to 0.15% in the 
submerged arc welding process. 

16. The welding apparatus of claim 14, wherein the total 
percentage of one or more non-metallic compounds ranges 
between 5% Wt and 15% Wt. 

17. The welding apparatus of claim 15, wherein the total 
percentage of one or more non-metallic compounds ranges 
between 5% Wt and 15% Wt. 

18. A submerged arc welding process comprising: 

providing a submerged arc welding apparatus with means 
for feeding an tubular electrode into the welding appa- 
ratus; 



depositing a flux onto a work piece of low carbon steel or 
low alloy steel with a percentage of C being up to 
0.15%; 

submerging the tubular electrode into the flux; 

forming an arc between the tubular electrode and the work 
piece by coupling the submerged arc welding apparatus 
to a power source; 

feeding the tubular electrode into the welding apparatus, 
the tubular electrode having a sheath encapsulating a 
core with a composition selected from the group of 
non-metallic compounds consisting of A1 2 0 3 , Na 2 0 3 , 
MgC0 3 , MgAl, CaF 2 , CaC0 3 , CaF 2 , MgO and com- 
binations thereof, wherein the total percentage of one 
or more non-metallic compounds in the core composi- 
tion ranges from about 1% Wt to about 30% Wt; and 

forming a weld on the work piece by melting the work 
piece, the flux and the tip of the tubular electrode using 
the heat generated by the arc. 

19. The method of claim 18, wherein the total percentage 
of one or more non-metallic compounds ranges between 5% 
Wt and 15% Wt. 

20. The method of claim 18, wherein the non-metallic 
compounds are Al^ and Na^ with the total percentage 
ofl4%Wt. 

* * * * * 
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ABSTRACT 



Methods and materials for submerged arc welding for 
obtaining a high toughness welded metal containing 
titanium and boron by using a flux cored wire com- 
posed of a steel sheath and a core containing titanium 
and boron with the addition of a metal fluoride. 

3 Claims, 7 Drawing Figures 
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gether.with titanium and boron. The essential point 

WELDING METHOD ANP MATERIALS thereof is a flux cored wire for submerged arc welding 

CROSS REFERENCES TO RELATED * n wh * ch CaF a» which shows a vapor pressure of 1 atmo- 

APPLICATIONS spheric pressure at 2500°C, other fluorides more vola- 

f . ; 5 tile, such as, NaF, LiF, KF, MgF 2 , MnF 2 , K 2 ZrF 6 , 

This application is a conttouation-in-part of copend- Na 2 ZrF fl , K 2 TiF 6 and Na 2 TiF 6 . 

ing application Ser. No. 169,915, filed Aug. 9, 1971, Particularly the flux cored wire of the present inven- 

now abandoned, the contents of. which are incorpo- tion is composed of a hollow mild steel sheath having a 

rated herein by reference. " . core composed of about 0.04 to 1 .0% titanium, about 

BACKGROUND OF THE INVENTION 10 0 002 *° ° 05% boron m6 about 4 10 25% of a fluoride 

. . , . • selected from the group consisting of CaF 2 , NaF 2l KF, 

1 . Field of the Invention ; LiF 2 , MgF 2 , and MnF 2 , all percentages being by weight 
The present invention relates to methods and materi- based on the total weight of the electrode, the balance 

als. for submerged arc welding for obtaining a high of the weight of the electrode being the steel sheath, 

toughness welded metal containing titanium and boron 15 pre sent invention also comprises a method for 

by using a flux cored wire . containing titanium and submerged arc welding to obtain a weld having a high 

boron with the addition of a metal flouride. toughness by using a submerged arc welding flux hav- 

This invention also relates to a method of submerged ing a basicity (as defined hereinafter) in the range from 

arc welding to obtain a welded metal with high tough- about 0.90 to 1 .30, in conjunction with the above de- 

ness by one layer welding On both sides or a small layer 20 f lne d fl ux cor ed wire. 

heap welding, as well as welding materials and a filled- When such a fluoride with high vapor pressure is 

up wire for the submerged arc welding use thereof. added in the wire, a wide space in the arc void is sealed 

2. Description of the Prior Art ... with the vapor thereof, the oxidation and nitrogenation 
For the welded part of a steel for tow temperature of titanium is prevented, the amount of MnO and man- 
use, such as, aluminum refined, killed steel and 2.5 Ni- 25 ganese silicate which have an influence on the decrease 
steel used for LPG freighter and other uses, the low- of the amount of O z and particularly on the deteriora- 
temperature impact value at about -60^C is an impor- tion of the toughness are diminished remarkably, and 
tant property. These steel sheets are usually used with the oxidation and nitrogenation of boron is also dimin- 
a thickness of about 6-20 mm, and in order to join flat ished. Thus, it is possible to maximize the effect of the 
plates to one another, it is desirable to adopt an auto- 30 coexistence of titanium and boron on the improvement 
matic submerged arc welding to increase the welding of the hardenability. 

efficiency. However, with the conventional combina- 
tion of a submerged arc flux and wire, satisfactory low- BRIEF DESCRIPTION OF THE DRAWINGS 
temperature impact value cannot be obtained with a FIG. 1 is an explanatory drawing showing the posi- 
high efficiency welding method, e.g. submerged arc 35 t ion where the impact test piece is taken, 
welding, i.e. welding with a relatively large electric cur- FIG. 2 is a drawing to show the shape of the welding 
rent ( or heat imput ) or one layer welding on both sides. notch. 

A welded metal with high toiighness can only be ob- FIG. 3(a) and (b) are the graphs showing the transi- 

tained by lowering the heat, input or by a large heap tion curve of the examples of this invention and of the 

welding at the sacrifice of the efficiency. 40 comparison examples. 

Various attempts have been made to increase the im- FIG. 4(a) and (b) are the microscopic photographs 

pact value of the welded metal by a single layer or one of the welded metal of the test pieces in the examples of 

layer on both sides submerged arc welding. It has been this invention and in the comparison examples 

considered in general that a welded metal with high FIG. 5 is a graph showing the absorption energy val- 

toughness can be obtained when the 0 2 content (oxide 45 ues of the welded meta| in ^ examples of th is i nven . 

inclusions) in the welded metal is reduced by increas- tion. 
ing the basicity of the flux or when an alloy element, 

such as, Ni and Mo is added. Typically, up to 3.5% by DESCRIPTION OF THE PREFERRED 

weight Ni and up to 0.8% by weight Mo are added. EMBODIMENT 

However, when a highly basic submerged arc flux is 50 It is well known ^ the toughness of welded mcta| 

used, there is a tendency to increase the grain size of changes remarkably not only by the compositions of 

the ternte crystals in the microscopic structure of the the master steel sheet and the welding materials, which 

welded metal, resulting in the degradation of the im- determine the composition of the welded metal but 

pact value as compared with the case, when a neutral also by the composition of the flux, 

submerged arc flux is used. ■ ■ 55 Generally speaking, when the basicity of the flux is 

On the other hand, although it is well known that the high, while 0 2 content in the welded metal is dimin- 
impact value of the welded metal by a single layer- or ished and the toughness is improved, defects are en- 
a smal layer heap welding can be increased by using a countered, e.g. the peeling of the slag becomes dim- 
neutral submerged arc flux containing a large amount cult, the appearance of the bead is worse and the work- 
of metal fluoride such as CaF„ it is difficult to obtain a 60 ability becomes inferior, for instance, the undercut is 
sufficiently high impact value, for instance NK stan- formed easily. 

dard value (K5 TAW5, more than 35 kg-m) at a low Moreover, when the basicity is high, H 2 content in 

temperature of about -60«t. ' . the welded metal is increased, which can produce pits, 

SUMMARY OF THE INVENTION 65 bl ° wh ° les *™> weld cracks. 

~ f . . . . - m As for the method of submerged arc welding-to ob- 

One of the objects of this invention is to offer a flux tain a welded metal with high toughness without losing 

cored wire for submerged arc welding in which a fluo- the workability, it is advantageous to carry out the 

nde or metal having a low vapor pressure is added to- welding by combining a flux cored wire in which a flux 
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agent is filled in the hoop material with a submerged oxidation than Zr, The solubility of Ti in iron is large, 
flux The reason is as follows: since the flux cored wire easily forming a solid solution as the y-phase, and Ti it- 
is exposed to an arc atmosphere at very high tempera- self can improve the hardenability, while Zr is very eas- 
ture, the chemical reaction expected to occur between ily consumed by oxidation, has a low solubility in iron, 
the flux and the molten steel reaches equilibrium in a 5 forming almost no solid solution as the y-phase, and 
very short period, and consequently the influence of thus does not increase the hardenability. 
the flux charged in the edges becomes secondary; thus, When Ti alone is added in the flux cored wire, Ti is 
while the basicity of the slag, as seen as a whole, is rela- oxidized out in passing the arc void, and the effect of 
lively low, it is possible to obtain nevertheless a welded improving the hardenability as in the coexistence with 
metal with high toughness. 10 boron cannot be expected. It is important to protect Ti 

It is a further merit of using flux cored wire that a tol- from oxidation and nitrogenation and to let the n 
erable amount of alloy component can be added in the reach the melting pond by evaporating volatile metals, 
hoop as a cored material, and more advantageously a e.g., fluorides or chlorides in the arc void to expel oxy- 
sufficient amount of deoxidizing and denitrogenizihg gen and nitrogen in the air or which come from the 
agent can directly be added. In using a solid wire, the 15 fl ux , and which invade into the arc void under ordinary 
addition of alloy components, deoxidizing and deni- conditions. ■ 
trogenizing agents, etc., is restricted owing to the prob- Although the idea of using a vapor of fluoride for 
lem occurring in melting and in hot rolling. sealing is similar to the case of the flux cored wire for 

As a result of various investigations on the control- use in open arc (nongaseous arc) welding, as compared 
ling factors on the toughness of welded metal in the 20 w i tn the case of open arc welding in which the arc is ex- 
welding of 50-80 kg/mm 2 class high tension steel and of posed to open air and the sealing effect is very insuffi- 
steels for low temperature use, the present inventors cient, the use submerged arc welding, in which the seal- 
found that the influence of proeutectoid ferrite formed ing effect is complete and the Ti can be protected ef- 
along the y-grain boundary on the fracture transition fectively, has great merit. 

temperature ( r T„) is very great, while the influence of 25 when Ti reaches the melting pond without suffering 
cleanliness, particularly MnO in the inclusion deter- oxidation and nitrogenation, Ti forms oxides and other 
mines the vE shelf energy. The reason why proeutec- components prior to the Mn and Si at the surface of the 
toid ferrite deteriorates the toughness is due to the facts melting pond facing the arc void, and migrates to the 
that when proeutectoid ferrite deposits, high carbon slag layer, and consequently the oxygen content in the 
bainite or acicular high carbon martensite is formed 30 mo iten steel is lowered, Si0 2 and MnO components in 
around it and as they are brittle, they become the ori- the inclusion are diminished, and the cleanness is un- 
gin or the propagation path of the formation of cracks, proved. Moreover, by the synergistic effect with boron, 
and since the proeutectoid ferrite crystals are large, the effect of Ti is doubled. 

cracks propagate through the grains at once. Another object of the present invention is to offer a 

Therefore, in order to improve the toughness of 35 method of submerged arc welding to obtain a welded 
welded metal, it is advisable to prevent the formation of metal with high toughness characterized in which a flux 
proeutectoid ferrite by elevating the hardenability. with nearly neutral composition, whose basicity b ex- 

However, it is undesirable to elevate the hardenabil- pressed by the Formula {b) shown hereinafter lies in 
ity by increasing the carbon equivalent, because the the range 0.90-1.30, is used as a submerged arc flux 
strength becomes too high, causing an unbalance in *0 and a flux cored wire containing one or more than one 
strength with the master steel and forming cracks. component selected from a slag-forming agent an arc. 

Boron is effective to improve the hardenability (to stabilizer, a deoxidizer or denitrifier, alloy elements 
retard the deposition of proeutectoid ferrite) without and iron powder as a cored material is used as a sub- 
increasing the strength excessively. While only a small merged arc wire are used in combination. It is a pieces- 
amount of boron is effective, it is necessary that it is *5 sary condition for the wire that the contents of metal 
segregated along y-grain boundary during y - a trans- fluorides, Ti and B in the cored material to the total 
formation. Boron has no effect when it is dispersed in weight of the wire are respectively in the range men- 
v-crains as a nitride or oxide. Therefore, it is necessary tioned below. 

to protect the boron from nitrogenation and oxidation. Contents of metal fluoride, Ti and B in the flux cored 
For this purpose, the addition of an element having a 50 wire: 

Metal fluoride (CaFt. NaF, MgF./etc.) A - 25% 

Ti 0.04-1.0% 
B 0.002 - 0.5% 

CaCH^gO^aQ^NaxO+K^HiJ^CK CaF^ ylMnO+FeO) 

Basicity 6= j : : (wt.%) 

SiOt + TI AWO* + TtO, + Zr O,) 



Formula ( 1 > 



strong affinity with oxygen and nitrogen, such as, Al, Ti Said submerged arc flux may naturally contain m.n- 

andZr is necessary, ute amounts of oxide and other compounds as .mpun- 

By investigating by experiments the influence of each ties besides the components in Formula (I ). 

of these elements it has been proved that boron alone In Formula ( 1 ). CaF, .s calculated as a bas.c compo- 
1 Zr + B has entirely no effect, the effect of Al + B 65 nent . This is because fluonde serves to reduce pracu- 

is insufficient, and Ti + B is most effective. cally the contents of O, and S in the deposit, and may 

Why Ti I effective while Zr has not effect may be be considered to have an effect sun.lar to the bas,c 

due to the reasons that Ti is more slowly consumed by components CaO, MgO. etc. 
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Only when the above mentioned conditions are satis- has a tendency to decrease the impact value. When 
fied, can a welded metal with high toughness be ob- more than 0.05% of B is added, the welded metal con- 
tained without or with the addition of only a small tains more than about 0.01% of B, decreasing the im- 
amount of such elements as Mo and Ni, which are gen- pact value and at the same time forming heat cracks, 
erally considered to be effective for the improvement 5 Accordingly, 0.04-1.0% of Ti and 0.002-0.05% of B 
of the toughness. are the effective ranges. 

Particularly, it becomes possible to obtain a welded As for the amounts of metal fluoride (CaF 2 , NaF, 

metal with high low-temperature impact value without MgF 2 , etc.) to be added to the flux cored wire, below 

the addition of Mo, which is added generally to obtain 4% has no distinct effect and the addition of more than 

a welded metal with high toughness in a single layer— 10 25% injures the arc stability and makes the welding im- 

or a small layer heap welding. possible. 

One characteristic of this invention is to combine a To add Ti and B at the same time in the flux cored 
submerged arc flux with a neutral composition, having wire is another characteristic of this invention. After 
excellent welding workability, with a flux cored wire various experiments, it was ascertained that, in the sub- 
containing CaF 2 . 15 merged arc welding, the synergistic effect can not be 

A highly basic flux generally is disadvantageous since obtained in the combination Ti — Zr, Ti— Al, Ti — V, 

its welding workability (the resitance against pit forma- B — Zr, B — Al, B — V and others, 

tion and the appearance of bead) is inferior, and the It is found further that the addition of such elements 

range of the welding condition is very limited. On the as Al, V and Nb together with Ti and B improves the 

other hand, as a neutral flux is used in this invention, its 20 impact value still more. 

welding workability is excellent, and this invention As above mentioned, it is characteristic of this in ven- 

gives a welded metal with a better impact value than in tion that a welded metal with high toughness can only 

the case when a filled-up flux wire containing B and Ti be obtained when a submerged arc flux with a neutral 

at the same time is combined with a highly basic flux. composition, whose basicity b lies in the range 

The reason may closely relate to the fact that the N 2 25 0.90-1 .30, is combined with a filled-up wire, in which it 

content in the welded metal is reduced more by using a - is a necessary condition that metal fluoride, such as, 

neutral flux than in the case when highly basic flux is CaF 2 , Ti and B are contained at the same time in the 

used, and it seems that the effect of B and Ti in reduing range as above mentioned. When any of these condi- 

the N 2 content is particularly remarkable in the combi- tions is lacking, a satisfactory result cannot be ob- 

nation of a neutral flux with a wire containing CaF 2 . 30 tained. 

When the submerged arc flux becomes acidic in the To compare the microstructure of the welded metal 

range such that its basicity is lower than 0.9, the 0 2 of this invention with that of other welded metals, it is 

content in the welded metal becomes high and the ad- observed that proeutectoid ferrites at the austenite 

dition of B and Ti has no particular effect on the im- grain boundary diminish remarkably, and ferrite crys- 

provement of the impact value. When its basicity be- 35 tai s m ^ grain become very fine. This property may be 

comes greater than 1 .30, the workability becomes the reason why high toughness can be obtained. In the 

worse as above mentioned, for instance, the tendency welded metals without the scope of this invention, 

of pit formation is observed. coarse proeutectoid ferrites at the grain boundary or 

An important characteristic of the present invention acicular ferrites are observed, and the toughness is low. 
is the use of a filled-up wire. The addition of CaF 2 in the 40 i t is considered that the reason why proeutectoid fer- 
submerged arc flux is generally very difficult, because rites diminish remarkably and ferrite crystals in the 
the addition makes the welding workability inferior. On grain become very fine when Ti and B are added at the 
the other hand, the addition of CaF 2 in the wire has no same time, the submerged arc flux is neutral, and a suit- 
serious influence on the welding workability. More- able amount of metal fluoride is contained in the wire, 
over, the addition of B in the wire is the most suitable 45 j s due first of all to the existing state of boron in the 
method for the addition of B in the welded metal. welded metal, i.e., whether or not B exists as a solid so- 

Namely, in order to add a suitable amount of B in the lution, and that boron in the solid solution controls the 
welded metal, considerable B is lost during the reaction formation of ferrite nuclei at the transformation of aus- 
at the arc and in the melting pond, and its remaining tenite. The formation of ferrite nuclei may be con- 
percentage in the welded metal becomes fairly low. 50 trolled still more in this invention as the N 2 content is 
Therefore, to supply B in a solid wire, a fairly large reduced by the use of a neutral flux, the 0 2 content is 
amount of B should be added in the wire. reduced by the addition of CaF 2 , and Ti is present. 

It has well been known that, when more than 0.0 1 % Thus, the present invention provides various necessary 

of B is added in the solid wire, the working becomes conditions effective for the formation of fine ferrite 

difficult in the wire drawing and particularly in the hot 55 crystals. Further, as a method to accomplish this ob- 

romn 8* ject, it is a necessary condition that the submerged arc 

By the use of a filled-up wire, however, it is possible . wire is a filled-up wire, 

to add a definite amount of B easily in the form of pellet This invention is advantageous to obtain a submerged 

or powder as an alloy element in the filling material. Its arc welding material suitable for the range of Nb-V 

merit is obvious. 60 (giving high impact toughness). 

As Ti and B in the wire are consumed by oxidation. In welding a steel containing NB (V) by the use of 

nitrification, etc. during welding, the lower limits of B conventional submerged arc welding material, the im- 

and Ti contents are respectively 0.4% and 0.002%. pact toughness values of the welded metal becomes 

Below these limits, almost none will remain in the considerably low as compared with the case of usual 

welded metal, and no improvement in the impact value 65 steel containing no Nb (V). On the other hand, the 

can be observed. While up to about 1 .0% of Ti im- welding material of this invention produces a welded 

proves the impact value, the addition of more than this metal with a rather high toughness in the case of Nb 

value increases the hardness of the welded metal and (V) steel. 
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Particularly, the material of this invention exhibits its 
feature when Nb (V) steel is welded by a single layer— 
or a small heap welding. 

The following examples illustrate the present inven- 
tion: 

EXAMPLE 1 

In this example, a 50 kg/mm 2 class Si-Mn steel with 
the components as shown in Table 1 was used as a mas- 
ter steel. 

A V-shaped ditch was cut in the steel sheet, a sub- 
merged arc flux containing Si0 2 , CaO, MnO and others 
as shown in Table 2 was sprinkled therein, and welded 



elusions, and a low content of Ti. To examine the struc- 
ture thereof /a large quantity of proeutectoid ferrite 
was observed: The toughness is worse due to two 
points: the amount of inclusions and the decreased 
5 hardenability. By adding CaF 2 , the oxygen content de- 
creases, the amount of remaining Ti is increased, and 
the toughness is improved remarkably. 

When more volatile LiF or. NaF is added instead of 
CaFj, while the remaining rate of Ti is only slightly im- 
10 proved, the oxygen content is reduced still more. As a 
result, as compared with the case of CaF Zf the tough- 
ness of the welded metal together with v T rt and »E tA( . tf is 
improved still more. 

Table 4 

Analytical result, cleanness and mechanical properties(%) 

Mechanical Properties 







Analytical Result 




Clean- 




O 


N 


MnO 


solTl 


ness %) 


A 


0.040 


0.0074 


0.033 


0.024 


0.133 


B 


0.058 


0.0075 


0.051 


0.020 


0.156 


C 


0.040 


0.0070 


0.026 


0.024 


0.121 


D 


0.035 


0.0068 


0.024 - 


0.028 


0.110 


E 


0.083 


0.0052 


0.084 


0.005 


0.340 



(kg-m) 
,£-40 



(kg-m) (kg/mm 1 ) 



Ts 



-30 
-15 
-27 
-36 
20 



5.2 
2.0 
4.3 
6.8 
1.3 



15 53.8 
9 54.0 

16 53.2 
20 53.0 

7 53.2 



on both sides by using a flux cored wire. Charpy test 
was made for the welded metal obtained. 

The weight of hoop material in the total weight of the 
flux cored wire was about 75-80%, the remainder 
being the filling material. The rates of cored materials 
were as shown in Table 3. Wires A and B contain CaF 2 , 
and C, D and E contain respectively LiF, NaF and 
Ca— Si. F is a standard wire containing no special addi- 
tive. 

Analytical results of oxygen, nitrogen, inclusion and 
soluble Ti, cleanliness, and mechanical properties — 
r T r „ rE-40, (absorbed energy at -40°C in a 2 mm V- 
notch Charpy Impact Test), P E shelf (shelf energy in 2 
mm V-notch Charpy Impact Test) and Ts (tensile 
strength) of the welded metal obtained in the welding 
with the use of a fllled-up wire are shown in Table 4. 

Table 1 

Chemical components in the master sheet (%) 
r Si Mn Ni Al 



0.08 



0.27 



1.28 



0.01 



0.023 



Table 2 



Composition of flux for submerged are welding (%) 
SiO, CaO MnO CaF, Others 



42 



17 



20 



balance 



In the case of the filled-up wire containing Ca— Si, 
while the oxygen content decreases, the cleanness and 
MnO decreases slightly, and the improvement of tough- 
ness is not as remarkable as in the case of the addition 
of LiF or NaF. In may be considered that, while the 
30 sealing effect of Ca is exhibited, the effect is reduced by 
the harmful influence of Si and Si0 2 . Therefore, it is 
obvious that the toughness may be improved still more 
by using Ca metal or a Ca alloy such as Ca— Fe and 
Ca— Ni. 

35 Additionally, a wire containing only fluoride, such as, 
CaF 2 , MgF 2> NaF and LiF without the addition of Ti has 
almost no effect in improving the toughness, because 
the deoxidizing effect of Ti cannot be expected, and 
therefore the MnO and Mn silicate contents are not 

40 substantially decreased, and also the effect of improv- 
ing the hardenability by the synergistic action of Ti and 
B does not come into play. 

In conclusion, it is understood that to seal the arc at- 
mosphere from open air effectively and, at the same 

45 time, to use Ti and B simultaneously is the decisive fac- 
tor to improve the toughness. 

Since such a synergistic action of Ti and B as men- 
tioned above is exhibited originally for a welded metal 
with insufficient hardenability, the effect of this inven- 

50 tion is particularly eminent when the composition of 
the welded metal lies in the range as follows: C: 
0.03-0.15%, Si: 0.1-0.6%, Mn: 0,5-2.2, Cr: 0-1.0%, 
Ni: 0-3.5%, and Mo: 0-0.8%, and contains one or more 



Table 3 









Rate of filling materials in the filled-up wire (%)• 




Fe-Si 


LiF 




Mo 


Ti 


B CaF, 


NaF 


Ca-Si 


Iron Ni 


Mn 










Powder Powder 


Powder 


Powder 




A 


0.3 


0.2 


0.005 10 






10 2.5 


1.5 


0.2 
n 




B 

C 




« 


5 

1 1 






5 
6 


M 
II 


a 


5 


D 


it 


ii 


1 1 _ 


5 




6 




a 




E 












25 









•Balance - Carbon Slecl Sheath 

As it is clear from the results, in the case of filled-up 
wire F containing no special additive, such as, fluoride, 
the welded metal has high contents of oxygen and in- 



of Al, V and Nb, in an amount less than 0.08% in total. 

It should be noted that the sectional shape of the flux 
cored wire and the amount of cored material in the flux 
cored wire has no influence in this invention. It goes 
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without saying that, besides the necessary components 
to constitute the invention, such as, various fluorides, 
composite fluorides, Ti and such .supplementary 
agents as an arc stabilizer comprising various, oxides 
and carbonates, a slag-forming agent, a deoxidizer 
comprising Fe— Si, Fe— Mn and others, an alloying ele- 
ment and iron powder can be added as a filling mate- 



10 



The compositions of the submerged arc flux were as 
shown in Table 7, and those of the submerged arc wire 
were as in Table 8. Four samples of flux and eight sam- 
ples of wire were tested under various combinations. 
Eight combinations, submerged arc flux B, C and filled- 
up wire A, B, C, D, respectively, belonged to the scope 
of this invention. 

Table 7 



Flux SiO, 



Chemical composition of submerged are Hux (wt *) 
CaO MnO MgO TiO s A1,0, CaF, Others 



A 
B* 
C* 
D 



50 
38 
32 
30 



30 
22 
22 
30 



10 
10 



7 
7 
13 
20 



7 

10 



5 
10 
7 
5 



Basicity 
B 



0.81 
1.00 
1.25 
1.57 



: "Flux necessary for this invention. 



Table 8 



Electrode Composition 
(AH percentages are by weight based on the weight of the electrode 



Calcium fluoride 
Magnesium fluoride 
Flux for submerged 
arc welding listed 
in Table 7 
Fe-Si (43% Si) 
Mn powder 
Ni powder 
Fe-Mo (60% Mo) 
FeTi (42% Ti) 
Fe-Zr (20% Zr) 
Fe-Al (50% Al) 
Fe -Boron (20% 
boron) 
Iron powder 
Carbon steel 
sheath 



15 



0.5 

1.8 

1.5 

0.75 

0.7 



0.075, 



bal. 



15 



0.5 : 
1.8 

0.75 
0.7 



.0.075 



» I . bal. 



12 

3 



0.5 
1.8 
1.5 

0.7 • 
0.075 
bal. 



D 

6 



0.5 

1.8 

1.5 

0.75 

0.7 



0.075 



15 
bal. 



E 
15 



0.5 
1.8 

1.5 
0.75 

1.4 

0.075 



bal. 



F 

15 



0.5 
1.8 
1.5 
0.75 



0.6 
0.075 



bal. 



G 
15 



0.5 
1.8 
1.5 
0.75 



0.075 
bal. 



H 

15 



0.5 

1.8 

1.5 

0.75 

0.7 



bal. 



15 
0.5 
1.8 
1.5 
0.75 
0.7 



0.075 
bal. 



Electrode diameter 3.2 mm 



rial. 



EXAMPLE 2 
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Aluminum killed steels containing Nb and V with the 
compositions shown in Table 5 were submerged are 
welded one layer on both sides. Experimental results of 
the impact values of the welded metal obtained will be 45 
explained. 

The size of the master sheet was: 1 1.7 mm in thick- 
ness, 200 mm in width and 400 mm in length. Notches 
as in FIG. 2 were made by a mechanical working, and 
the submerged arc welding was carried out under the 50 
condition in Table 6. Impact test pieces were taken at 
the position shown in FIG. 1 

Table5 



In FIG. 3(c) and (6), experimental results on 2 mm V 
notch Charpy test of the welded metals obtained by the 
welding with various combinations are shown with the 
use of the transition curve between absorption energy 
and temperature. 

Samples for curves 1 and 2, whose combinations are 
respectively flux C and wire D, and flux B and wire A, 
and curves 7, 8 and 9, whose combinations are respec- 
tively flux B and wire B, flux B and wire A, and flux B 
and wire C, are inventive examples and show very ex- 
cellent transition curves. Other curves 3, 4, 5 6, 10, 11 
and 12 are the transition curves for comparison exam- 
ples, their combinations being respectively flux D and 
wire D, flux B and wire H, flux B and wire I, flux A and 



Chemical composition of the steel sheet (%) 



Mn 



Nb 



Iron and 
Al impuri- 
ties 



0.12 0.24 1.27 0.014 0.010 . 0.03 0.03 0.03 



Table 6 



Welding condition 


Back side 
Upper side 


430 Amp 35 V 
600 Amp 38 V 


45 cm/min. 
45 cm/min. 
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wire D, flux B and wire F, flux B and wire E, and flux 
B and wire C. 

Among these results, curves 1, 2 and 3 show the in- 
fluence of the basicity of the flux. It is obvious that, 
even if the wire satisfies the condition of this invention, 
the impact value is low when the basicity of the flux is 
too low (too acidic). Additionally, the welding work- 
ability, such as, the appearance and shape of the bead 



11 
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and resistance against pit formation is worse and the 
impact values are inferior as compared to the inventive 
combinations when the basicity is high. 

In the sample for curve 4, B is not added in the wire 
while all other conditions are satisfied, and the impact 
value is low. 

The sample for curve 6 does not satisfy the inventive 
conditions because CaF 2 is not added in the filled-up 
wire, and thus, the results show that the impact value is 
very low even if the other conditions are satisfied. 

Curves 7, 8 and 9 belong to the case of the inventive 
combination, showing that an excellent impact value 
can be obtained without the addition of Ni and Mo. 

Curves 10, 11 and 12 are to show that no high impact 
value can be obtained when an element other than Ti, 
for instance, Zr or Al, is used together with B or B is 
used alone, and the inventive condition being unsatis- 
fied. 

As a reference, the chemical compositions of welded 
metals in the cases of curves 2 and 5 are shown in Table 20 on the impact value of welded metals will be explained 



10 
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As for the cored materials, a slag-forming agent, an 
arc stabilizer, a deoxidize r, alloy elements and iron, all 
being within the scope of this invention, can naturally 
be added besides metal fluorides (CaF,, MgF,, NaF, 
etc.), Ti and B. 

As for the submerged arc flux, fused type ones were 
used in the above examples. Burnt or sintered type ones 
may also be applicable in this invention. 

As above explained, according to this invention, the 
welding workability in one layer on both sides— and a 
small layer heap welding for low- temperature high ten- 
sion steel, such as, low-temperature aluminum killed 
steel is excellent, and welded metal with high toughness 
can be obtained. Us economical effect is very great. 

EXAMPLE 3 

Aluminum killed steels containing Nb and V with the 
compositions shown in Table 10 were submerged arc 
welded in layer on both sides. The experimental results 



below. 



Table 9 





C 


Si 


Chemical composition of welded metal (wt.%) 
Mn P S Ni Mo 


Ti 


B 


Nb 


V 


Curve 2 
Flux B & 
wire A 
Curve 3 
Flux B & 
wire 1 


0.07 
0.07 


0.34 
0.33 


1.50 
1.25 ' 


0.013 
0.013 


0.018 
0.030 


0.66 
0.73 


0.25 
0.26 


0.02 
0.02 


0.003 
0.00 1 


0.02 
0.02 


0.03 
0.02 



Photographs (a) and (b) in FIG. 4 are the rnicrostruc- 
ture of welded metal showing the effect of this inven- 
tion; (a) corresponds to the inventive example in curve 
2 of FIG. 3(a), and (b) belongs to the comparison ex- 
ample in curve 5. 

In (c), proeutectoid ferrites have almost disappeared 
and almost no acicular ferrites are observed. The sam- 
ple consists of fine ferrite crystals, and shows high 
toughness. In (fc), the proeutectoid ferrite grains are 
large, and its toughness is low. 

As for the shape of filled-up wire used in the above 
experiments, a band-like metal tape was folded in a 



Si 



35 
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The size of the master sheet was 1 1 .7 mm in thick- 
ness, 200 mm in width and 400 mm in length. Notches 
as in FIG. 2 were made by a mechanical working, and 
the submerged arc welding was carried out under the 
conditions in Table 1 1 . Impact test pieces were taken at 
the position shown in FIG. 1. 

The welding was carried out under various combina- 
tions of six kinds of flux shown in Table 12 with 7 kinds 
of filled-up wire shown in Table 13. The combinations 
of submerged arc flux A, B and C with filled-up wires 
A, B and C are inventive examples (experiments Nos. 
1-5). 

Table 10 



Chemical composition of the steel sheet 
Mn P S Nb Al 



Fe and impurities 



0.12 0.24 1.27 0.004 0.010 0.03 0.03 



the remainder 



complicated fashion. However, simple cylindrical and 
other shapes are, of course, effective for this invention. 

While the rate of filling materials in the flux cored 
wire (filling ratio, in weight %), including iron powder, 
and others in total, was 1 8-26% in the above examples, 
it was ascertained that the manufacture of the wire is 
possible by using the rate of about 5-50% in general. 
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Table 1 1 



Welding condition 


Back side 
Upper side 


430 Amp. 30-35 volt 
600 Amp. 32-38 volt 


45 cra/min 
45 cm/min 



Table 12 



Chemical components in submerged arc flux (wt.%) 

Flux SiO, CaO, MnO MgO TiO, Al/3, CaF a Others Basicity B 

- - .1.57 

25 2 1.29 

7 5 1.25 

10 1 100 

6 5 1.04 

5 4 0.81 



A* 


30 


30 




20 




10 


B* 


34 


7 


17 


8 


5 


2 


C* 


32 


22 


10 


13 


4 


7 


D 


38 


22 


10 


7 


4 


8 


E 


35 


25 


8 


8 




13 


F 


50 


30 




7 




4 



'flux necessary for this invention 
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Table 13 



3,924,091 



14 

Table 14-continued 









(projected, as filled-up wire) 








Si 


Mn 


Ni 


Mo 


Ti 


Al 


Zr 


B 


A* 


0.2 


2.0 


1.5 


0.5 


0.2 






0.020 


B» 


0.2 


2.0 


1.5 




0.2 






0.020 


C* 


0.2 


2.0 




0.5 


0.2 






0.020 


D 


0.2 


2.0 


1.5 


0.5 




0.3 




0.020 


E 


0.2 


2.0 


1.5 


0.5 








0.020 


F 


0.2 


2.0 


1.5 


0.5 




0 


0.3 


0.020 


G 


0.2 


2.0 


1.5 


0.5 


0.2 






0.020 



Experiment No. 



Experimental result 

2 mm V notch, Charpy value, kg-m 
(mean value of 3 tests) 
Flux Wire -60*C -30°C 



10 



•wire necessary fot this invention 



Remarks: Said wires contained iron powder and a slag- 
forming agent besides above-mentioned components in 
order to control the rate of the filling material to the 



4* 


B 


A 


6.9 


14.6 


5* 


C 


C 


5.8 


10.3 


6 


A 


D 


3.5 


6.8 


7 


A 


E 


1.5 


4.2 


8 


A 


F 


2.0 


4.5 


9 


A 


G 


4.6 


8.2 


10 


C 


E 


1.4 


-6.0 


11 


D 


A 


2.1 


6.7 


12 


E 


A 


2.5 


7.0 


13 


E 


C 


1.0 


4.3 
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'combination of this invention 



Table 15 



Experiment 
No. 


C 


Si 


Chemical components in the welded metal (wt.%) 
Mn P S Ni Mo Ti 


B 


Nb 


V 


1 

Flux A 


0.07 


0.32 


1.35 


0.015 


0.012 


0.06 


0.23 


0.03 


0.002 


0.02 


0.02 


wire A 
























7 

Flux A 
wire E 


0.07 


0.30 


1.38 


0.013 


0.014 


0.52 


0.23 


<0.01 


0.002 


0.02 


0.02 



total weight of the wire and to stabilize the arc. Si, Ti, 
Zr, B and other addition elements were used as an iron 
alloy powder or as a metal powder to obtain a definite 
composition. 

A part of the experimental results on the impact test 
of the welded metal is shown in Table 14. Combina- 
tions Nos. 1, 4, 1 1 and 12 show the influence of flux ba- 
sicity, showing that, even when the wire satisfies the 
condition of this invention, no substantial effect can be 
obtained when the submerged arc flux does not satisfy 
the conditions of this invention. 

Nos. 1, 2, 3, 6, 7, 8 and 9 show that, even when the 
flux basicity satisfies the conditions of this invention, a 
welded metal with high toughness cannot be obtained 
when the composition of the wire does not satisfy the 
conditions of this invention. 

Combinations Nos. 1, 2 and 3 show also that, only 
when the conditions of this invention are satisfied, a 
welded metal with high toughness can be obtained even 
if the alloy element varies over a wide range, for in- 
stance, no Ni or Mo is added. 

As a reference, the chemical components in the 
welded metal in experiments Nos. 1 and 7 are shown in 
Table 6. 

Table 14 



Experiment No. 



Experimental result 

2 mm V notch, Charpy value, kg-m 
(mean value of 3 tests) 
Flux Wire -60^C -30<C 



A 
A 
A 



2.3 
6.9 
7.1 



12.4 
11.6 
13.2 



30 



35 



40 



45 



50 
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EXAMPLE 4 

A steel containing no Nb-V, N-Tuf 33 steel (normal- 
ized aluminum killed steel), and an Nb-V steel, a steel 
having nearly the same components as N-Tuf 33 steel, 
and also Nb-V, were selected as a steel sheet for the ex- 
periment. 

The thickness of the sheet was 12 mm for N-Tuf 33 
steel, and 11.7 mm for Nb-V steel. The chemical com- 
ponents therein were as shown in Table 1 6. The weld- 
ing wires used were as shown in Table 17. 

Three submerged arc fluxes, relatively acidic flux A, 
neutral flux B and highly basic flux C, were used. Their 
chemical components were as shown in Table 18. They 
were all of the fused type, and the grain size of the flux 
was under 20 mesh and contained dust. 

The notch was a symmetrical X type with the root 
surface of 4 mm, and the notch angle was 90° on both 
sides. 

As the welding condition, the backing pass was 500 
A, 30-35 V, 45 cm/min. and the finishing pass was 600 
A, 32-36, 45 cm/min. 

The absorption energy values at -60°C in the 2 mm 
V notch Charpy test (side notch, whose position was at 
the center of welded metal and at the center of sheet 
thickness) of the welded metal obtained by welding 
with the above-mentioned conditions are shown in FIG. 
5. 

In Table 19, analytical values of the chemical compo- 
nents in the welded metal and in the slag on the surface 
of bead (finishing pass side in using wire A for Nb-V 
steel sheet) are given. 



Table 16 




Chemical components in the steel sheet applied % 
chemical components % 
C Si Mn P S 


Nb 


V 


N-TufT 33 
Nb-V 


0.10 0.26 1.20 0.017 0.006 
0.12 0.24 1.27 0.014 0.010 


0.03 


0.03 



3,924,091 

15 16 

Table 17 



Chemical components in the wire applied % 
chemical components <k 





C 


Si 


Mn 


P 


5 


Ni 


Mo 


Ti 


B 


Wire A 
Wire B 


0.06 
0.06 


0.10 
0.12 


1.32 
1.40 


0.011 
0.013 


0.009 
0.010 


1.20 
1.20 


0.42 

0.43 


o:io 


0.008 



Table 18 



Flux 


SiO, 


Chemical components in the submerged are flux applied Wt.% 
CaO MnO MgO TiO, A1,0, CaF, Others 


Basicity B 


A 


50 


30 - 7 - 4 5 4 


0.81 


B 


38 


22 10 7 4 8 10 1' 


1.00 


C 


30 


30- 20 - 10 5 5 


1.57 





CaF, 


Si 


Mn 


Ti 


B 


Nb 


V 


TA 


15 


0.2 


1.8 


0.3 


0.015 


0.06 


0.06 


TB 


15 


0.2 


1.8 


0.3 


0.015 
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T , * j Q Two kinds of flux cored wire ( 3 .2 mm in diameter) as 

— — shown in Table 20 were used. Wire TA contains CaF 2 - 

Si-Mn-Ti-B, and wire TB contains Nb-V in addition to 

these components. 

The impact absorption energy values in 2 mm V 

notch Charpy test (side notch, whose position was at 

the center of welded metal and at the center of sheet 

» ». « i • ~ #u u . . ^ , e thickness) of the welded metal by using the two wires 

As it is obvious from these results, when a wire con- 25 , ' . _ . . - t . - £ u , a - i 

. . . rp. , D , . D , . . , - are shown in Table 21 together with the chemical com- 

taming no Ti and B (wire B) is used m combination x . . . , ° ... _ ., 

n *u u i ktu \/ ponents in the slag and the welded metal. 

with any flux, the absorption energy value for Nb-V ... r *u w» *u * ^^,^0™ 

. . • . . *\ . . , r xt *r f5<5 As obvious from these results, the impact toughness 

steel is equal to, or lower than- the value for N-Tuf 33 . . . . . r 

n is improved by the presence of Nb-V. 

Xl *u u *■ ■ • t** a d While the above experiments were compared for the 

On the contrary, when a wire containing Ti and B 30 £ wag Qb _ 

(wire A is used, the Nb-V steel shows very high absorp- wh£n £ such Cr and 

tion energy value in the range where the slag basicity is Therefore, it is clear that this in- 

high. Thus, it is obvious that by using the matenals in can fee j 60 ; 80 /mm2 ^ hi h 

this invention, a high toughness can be obtained in the ... rr 

r j. xiv \r . 1 « tension steel, 

case of the Nb-V steel. 35 It is also clear that this invention can be applied only 

EXAMPLE 5 when the contents of Ti, B and Nb (V) lie within the 

, it _ , , . . ." scope of this invention, for a welded metal of the 50-80 

Another experimental example showing hat by using H containing other elem e nts , such as, 

the materials of tins invention the impact toughness of » Cf 

the welded metal « improved in the presence of Nb-V 40 ^ an<J Zf haye no effect 0 „ 

is set forth hereinbelow. thig invention 

/The steel sheet used was N-Tuf 33 steel (12 mn . in d above ^ usi ^ weldi 

thickness) as m Example 4, and the shape of notch and ^ rf ^ invenUon> a welded raeta| with high 

the welding conditions were also as in Examp e 4. toughness can be obtained in the welding of Nb-V steel 

As a submerged arc flux, flux B ,n Example 4 was 45 whi ^ h gives usually a W e, ded meta l with low impact val- 
u iies. Its economical merit is very great. 

Table 20 - 

Wire Absorption Chemical components in the welded Chemical components in the 



energy 



metal (%) slag(%) 



-60° -30° O Si Mn Ti B Nb V SiO, CaO MnO MgO TiO, Al,O a 

TA 8.3 12.2 0.07 0.30 1.45 0.04 0.004 0.03 0.02 31.9 16.9 17.3 3.1 3.4 0.9 

TB 3.3. 8.3 0.07 0.31 1.46 0.03 0.003 - . — - - - 

CaF, FeO Basicity b 

TA 18.9 2.2 1.43 



Wire 

TA 
TB 



Table 21 



Addi- Chemical components in the welded metal 



No. 


Sheath 


Flux 


Wire 


tive 


C 


Si 


Mn 


P 


S 


Ni 


Mo 


Ti 


S 


Nb 


V 


1 






A 




0.07 


0.40 


1.21 


0.013 


0.013 


0.41 


0.10 


0.01 


0.002 


0.03 


0.02 


2 
3 


Nb-V . 


A 


B 
A 




0.07 
0.08 


0.38 
0.30 


1.26 
1.26 


0.014 
0.014 


0.012 
0.014 


0.45 
0.44 


0.19 
0.19 


0.02 


0.002 


0.03 
0.03 


0.02 
0.03 


4 
5 

6 


Steel 


B 
B 


B 
A 

B 


CaF, 

added 

** 


0.08 
0.07 

0.08 


0.30 
0.22 

0.24 


1.26 
1.31 

1.32 


0.014 
0.013 

0.013 


0.012 
0.009 

0.010 


0.45 
0.43 

0.42 


0.19 
0.21 

0.22 


0.02 


0.002 


0.02 
0.03 

0.03 


0.02 
0.02 

0.02 
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Table 21 -continued 
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No. 



Steel 
Sheath 



Addi- 



Chemical components in the welded metal 



Wire 


live 




c: 


Mn 


P 


s 


Ni 


Mo 


Ti 


S 


Nb 


V 


A 




0.10 


0.22 


1.25 


0.013 


0.008 


0.42 


0.19 


0.01 


0.002 


0.03 


0.03 


B 




0.10 


0.020 


1.27 


0.012 


0.008 


0.45 


0.20 






0.03 


0.03 


A 




0.08 


0.38 


1.20 


0.015 


0.013 


0.42 


0.17 


0.02 


0.00 1 






B 




0.08 


0.38 


1.24 


0.015 


0.013 


0.43 


0.19 










A 




0.07 


0.32 


1.28 


0.015 


0.012 


0.43 


0.21 


0.02 


0.002 






B 




0.09 


0.31 


1.30 


0.015 


0.012 


0.46 


0.20 










A 


CaF, 


0.09 


0.27 


1.30 


0.014 


0.010 


0.39 


0.17 


0.02 


0.002 








added 




















B 




0.08 


0.28 


1.35 


0.015 


0.011 


0.41 


0.18 










A 




0.10 


0.25 


1.27 


0.015 


0.009 


0.48 


0.20 


0.0 1 


0.002 






B 




0.10 


0.25 


1.29 


0.013 


0.008 


0.47 


0.21 











8 
9 

10 
11 
12 
13 

14 
15 

16 



N-Tuf 



33 Steel 



Chemical components in the welded metal 
basicity b and slag 



No. 


Steel 
Sheath 


Flux 


Wire 


tive 


SiO, 


CaO 


MnO 


Addi- 
MgO Ti02 


AltO, 


CaF2 


FeO 




1 




A 


A 




49.5 


27.1 


0.6 


0.9 




4.0 


4.8 


4.8 


0.85 


2 
3 


Nb-V 


B 
B 

C 


B 
A 




38.3 


17.5 


20.5 


4.0 


3.8 


2.1 


8.5 


4.0 


1.02 


4 
5 




B 

A 
added 


c7f, 


32.1 


17.0 


18.2 


3.0 


3.1 


1.4 


1.5 


2.5 


1.32 


6 
7 


Steel 


B 

A 




28.4 


28.3 


0.4 


19.1 




9.0 


4.5 


1.3 


1.60 


8 






B 























What is claimed is: 

1. In a method of submerged arc welding to obtain a 
welded metal with high toughness, the improvement 
which comprises using in combination: 
a. a submerged arc flux having a nearly neutral com- 
position and having a basicity b as expressed by for- 
mula ( 1 ) herein in the range from about 0.90 to 
1.30, wherein 



35 



about 0.002 to 0.05% by weight boron, and about 
4 to 25% by weight of a fluoride compound se- 
lected from the group consisting of CaF 2 , NaF 2 , 
KF, LiF, M,F 2 , MnF 2 , and combinations thereof, all 
weights being based on the weight of the wire and 
the balance of the weight of the wire being the steel 
sheath. 

2. The method of claim 1 wherein the welded metal 



CaO+MgO+BaO+Na x CH-K,0+Li I (>K:aF x + y- (MgO+FeO) 
SiO+ y-tAljOa + TiOt + ZrO,) 



the amounts of the compounds being expressed in 
weight per cent based on the weight of the flux; and 
b. a wire composed of a hollow-core mild steel 
sheath, said core being packed with a powdered 
mixture of about 0.04 to 1 .0% by weight titanium, 



contains up to 3.5% by weight Ni. 

3, The method of claim 1 wherein the welded metal 
contains up to 0.8% by weight Mo. 
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Shozo Sekino, Fukuoka-ken; 
Hiroyuki Honma, Tochigi-ken, 
all of Japan — . 



— [30] Aug. 12, 1970 Japan ..45-71058 

Sept. 29 , 1970 Japan 45-84613 

Aug. 14, 1970 Japan..... 45-71575 

Dec. 10, 1970 Japan 45-109847- 



[SEALJ 



Signed and Sealed this 

sixteenth jD*y of March 1976 



Attest: 



RUTH C. MASON 



Att * f - , C. MARSHALL DANN 

Attesting Officer Commissioner of Patents and Trademarks 



JP58135793A 

FLUX CORED( A ) WIRE FOR SUBMERGED ARC( A ) WELDING 
NIPPON OIL & FATS CO LTD 

Abstrscti 

PURPOSE: To perform welding with easy, start of arc( A ) and high stability of arcs 
at a high rate of deposition by using a flux coredf A ) wire of a specific compsn. 
contg. stainless steel powder in submerged arc( A ) welding of stainless steel. 
CONSTITUTION: A flux of the following compsn. is packed in a stainless steel 
hollow wire of the same material as the stainless steel to be welded as a flux 
CO red( A ) wire to be used in submerged arc( A ) welding of stainless steel: A flux 
which contains 0.5W20% 1 or >2 kinds among rutile, ilmenite and zircon sand by 
weight of the wire, 0.05W3% 1 or >2 kinds among potash feldspar, silica and 
wollastonite 0.2W5% 1 or >2 kinds among calcium carbonate, lithium carbonate 
and barium carbonate, 0.3W2% fluorides such as CaF 2 and wherein stainless 
steel powder is so mixed at <25% ratio that weld metal and the materials to be 
welded have the same compsn. 

COPYRIGHT: (C)1 983, JPO&Japio 

Inventor(s): 

OSHIMA MASAHIKO 
OKAWA YUTAKA 
MOCHIZUKI MUTSUO 
Application No. 57017216 JP57017216 JP, Filed 19820205, A1 Published 

19830812. 

Int'l Class: B23K035368 

Patents Citing This One No US, EP, or WO patent/search reports have cited 
this patent. 



ub. No.: 58-135793 [JP 58135793 A ] 
Published: August 12, 1983 (19830812) 
Inventor: OSHIMA MASAHIKO 

OKAWA YUTAKA 

MOCHIZUKI MUTSUO 

Applicant: NIPPON OIL & FATS CO LTD [000434] (A Japanese Company or Corporation), JP (Japan) 
Application No.: 57-017216 [JP 8217216] 
Filed: February 05, 1982 (19820205) 
International Class: [ 3 ] B23K-035/368 
JAPIO Class: 12.5 (METALS ~ Working) 

Journal: Section: M, Section No. 254, Vol. 07, No. 250, Pg. 120, November 08, 1983 (1983 1 108) 
ABSTRACT 

PURPOSE: To perform welding with easy start of arc and high stability of arcs at a high rate of deposition by using 
a flux cored wire of a specific composition containing stainless steel powder in submerged arc welding of stainless 
steel. 

CONSTITUTION: A flux of the following composition is packed in a stainless steel hollow wire of the same 
material as the stainless steel to be welded as a flux cored wire to be used in submerged arc welding of stainless 
steel: A flux which contains 0.5-20% 1 or >=2 kinds among rutile, ilmenite and zircon sand by weight of the wire, 
0.05-3% 1 or >=2 kinds among potash feldspar, silica and wollastonite, 0.2-5% 1 or >=2 kinds among calcium 
carbonate, lithium carbonate and barium carbonate, 0.3-2% fluorides such as CaF(sub 2) and wherein stainless steel 
powder is so mixed at <=25% ratio that weld metal and the materials to be welded have the same composition 
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JP63212092A 

SEAMLESS FLUXCOREDe) WIRE FOR SUBMERGEDARCe) FILLET 

WELDING 

NIPPON STEEL CORP 

PURPOSE: To obtain a seamless fluxcored^ wire for l«HO^« 
welding having excellent pit resistance flU0nd6 
two x/v/irp at specific ratios with respect to the total weight of the wire 
SNSmvffi^mto Lccoredn wire for ^eig^r^ W 
welSng contains the chloride at 0. 02W0.20% in terms of C w.th respect to the 
total weight of the wire and the fluoride at 0.10W2.00% in terms of F. I the 

amt. of the hydrogen to be dissolved into a molten metal is decreased. 
COPYRIGHT: (C)1988,JPO&Japio 

lnventor(s): 

KAMATA MASAO 
HOSONO TATSUMI 
SUEDA AKITOMO 

App.i=^o n O N T ™025 JP62044025 JP, Filed 19870226, A1 Pub.ished 

19880905 

'^nu IIS™ No US, EP, or WO patent/search reports have cited 
this patent. 



Pub. No.: 63-212092 [JP 63212092 A ] 
Published: September 05, 1988 (19880905) 
Inventor: KAMATA MASAO 

HOSONO TATSUMI 

SUEDA AKITOMO 

KATO TAKASHI 

Applicant: NIPPON STEEL CORP [000665] (A Japanese Company or Corporation), JP (Japan) 
Application No.: 62-044025 [JP 8744025] 
Filed: February 26, 1987 (19870226) 
International Class: [ 4 ] B23K-035/368 
JAPIO Class: 12.5 (METALS - Working) 

Journal: Section: M, Section No. 779, Vol. 12, No. 490, Pg. 88, December 21, 1988 (19881221) 
ABSTRACT 

PURPOSE: To obtain a seamless flux cored wire for submerged arc fillet welding having excellent pit resistance by 
incorporating chloride and fluoride into the wire at specific ratios with respect to the total weight of the wire. 

CONSTITUTION: This seamless flux cored wire for submerged arc fillet welding contains the chloride at 
0.02-0.20% in terms of C with respect to the total weight of the wire and the fluoride at 0.10-2.00% in terms of F. If 
the chloride and fluoride are made to co-exist in the wire in such a manner, the hydrogen generated from red rust 
and primer is extremely smoothly captured in the form of hydrogen fluoride in an arc atmosphere by utilizing the 
interaction of the chlorine and fluorine formed by the cracking reaction thereof, by which the amount of the 
hydrogen to be dissolved into a molten metal is decreased. 
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